Objectives: The purpose of this study was to evaluate the relationship of the working environment's noise intensity level, distance from the source of noise, duration of the noise exposure and age of dentist to the hearing threshold level of general dental practitioners, dental students and dental supervisors and to determine if the noise in a dental facility can cause noise induced hearing loss. Materials and Methods: Thirty participants per group were enrolled in the study. The noise intensity level was measured with the use of noise level meter placed at the collar area of the operator and at the center of the room. The distance of noise exposure was set to 0.15 meters to simulate close proximity noise exposure of general dental practitioners and dental students while 2 meters was set for dental supervisors to represent exposure away from the sound source. The duration of noise exposure and age of the participants were determined with the use of a questionnaire. The participants were requested to have audiometric testing to determine their hearing threshold level. Results: There was a weak negative correlation of noise intensity level to hearing threshold level at 1000 Hz, 2000 Hz for the left ear and 2000 Hz for the right ear. However, distance from sound source, duration of sound exposure and age of the dentist were positively correlated to hearing threshold level at 3000 Hz, 4000 Hz, 6000 Hz and 8000 Hz. Noise intensity level did not reach the hazardous level on an 8-hour time weighted average. Conclusion: The Noise intensity level in a dental environment is considered to be safe to dentists who are practicing their profession. The age of the dentist and the duration of exposure from noise are the major factors in the increase in the hearing threshold level of a dental practitioner.
INTRODUCTION
Noise induced hearing loss is the second most common occupational disease inflicting adult professionals (1) . It is a preventable irreversible pathologic condition(2) that causes damaging effects to the auditory system because of exposure to high levels of sound for a long period of time (3) . The National Institution for Occupational Safety and Health recommends that the maximum allowable dose or the limit of noise daily that an individual can be exposed to in order to prevent noise induced hearing loss is 85 dB(A) for 8 hours (4) . A damaged hearing causes a decrease in the hearing sensitivity since there is an elevated hearing threshold, which is defined as the minimum sound level that a person can hear with no other background noise present (5) .
Noise is a common risk factor among dentists since the instrument used for the treatment and diagnosis of dental patients emits noise ranging from 66 -91 dB(A) (6) . In conjunction to that, the high-speed air turbine handpiece, a common instrument used by dentist for cutting tooth structure, increases the total sound level by 1 to 9.44 dB when in contact with hard tooth structure (7) . Hearing loss among dental practitioners is still controversial since evidence shows conflicting results. According to Choosong et. al.(8) , the dental practice is polluted with many noises but is considered beneath the damaging noise level. A study by Jadid (9) measured the personal noise exposure of a single pediatric dentistry resident for 31 working days in a pediatric dentistry training institution with the use of a sound dosimeter and showed that the total weighted average noise exposure of pediatric dentists in the institution did not exceed the National Institution for Occupational Safety and Health's maximum allowable dose to produce noise induced hearing loss. Thus, the study of Setcos (10) asserts that noise in the dental clinic determined to be below 85 db(A) making it risk free to noise induced hearing loss. On the other hand, the audiogram of dentists in Saudi Arabia revealed that a significant number of dentists have a drop in the 4000 Hz audiogram frequency and 16.6% of dentists have tinnitus, 14.7% have difficulty in speech discrimination, 64% have difficulty in speech discrimination combined in a background noise (11) . Pure tone audiometric evaluation among 80 physicians and 137 dentists revealed that dentists have a greater loss of hearing compared to physicians (12) . Prevalence of hearing impairment among general dental practitioner and general medical practitioner in Italy is 30% and 14.8% respectively (13) . Due to the conflicting results of the relationship of noise induced hearing loss to the practice of dentistry, investigators should properly assess the noise levels inside dental institutions and different working environment (14) . The present study wants to evaluate the relationship of the working environment's noise intensity level, distance from the source of noise, duration of the noise exposure and age of dentist to the hearing threshold level of general dental practitioners, dental students and dental supervisors and to determine if the noise in a dental facility can cause noise induced hearing loss. Dental supervisors are exposed to a continuous noise away from the sound source since the students are operating the dental instruments at the same time. On the other hand, dental students are exposed to close proximity noise coming from the instruments that they operate in conjunction to the noise produced by the instruments other students use during the dental procedure while general dental practitioners are only exposed to close proximity noise coming from the device that they operate.
METHODS

Research Design and Locale
A correlational research study was performed. All the clinical departments inside the selected dental school's infirmary, namely prosthodontic section, pediatric dentistry, oral diagnosis, restorative dentistry, oral surgery, oral medicine and selected private dental clinics were assessed by measuring the noise level using a noise level meter in an A weighted decibel scale.
Subjects Selection
All dental instructors working as a clinical supervisor were included in the study. Thirty dental students were enrolled in the study using simple random sampling and thirty general dentists practicing in their respective clinics were selected using purposive sampling.
Procedure
Dental supervisors, students and general dentists chosen to participate in the study were given an informed consent. Questionnaires were given to the dental supervisors, students and general practitioners in order to determine the age, duration of exposure from noise, medical history, different factors and exposures of the participants. General dentists who were working at least 4 times a week for 8 hours, minimum of 3 years in private practice and with 1 to 2 dental units in the clinic, without any sound reducing acoustics or facilities installed in the clinic were included in the study. Dental students that participated in the study were fourth year students enrolled in clinical dentistry 4 and have finished all the clinical dentistry subjects since they were the ones exposed the most to the longest noise coming from the dental instruments. Supervisors enrolled were those who had a minimum working experience as a dental instructor of at least 3 years. Excluded were those with history of ear infection, with long term intake of aminoglycosides and/or chemotherapy drugs, with history of uncontrolled diabetes, head and neck injuries, unprotected regular exposure to loud sound due to recreational activities, recently taking aspirin, quinine and loop diuretics, and with history of congenital hearing defects.
Pure tone audiometry test was performed by an audiologist using pure tone audiometry in the 1, 2, 3, 4, 6 and 8 KHz in a well-controlled sound insulating chamber in order to get the hearing threshold of dental supervisors, students and general practitioner involved in the study. The noise exposure of the subjects in the workplace was measured using a noise level meter by placing the microphone of the instrument at the collar area of the student and at the center of the room in all the six departments of the dental institution. Selected private clinics were measured with the use of the same instrument by also placing the microphone on the collar area of the general dental practitioner while working. The distance of noise exposure was set to 0.15 meters (6 inches) from the source of noise for general dental practitioners and dental students while 2 meters for dental supervisors since dental supervisors and students were exposed to close proximity noise while dental supervisors' noise exposure were relatively away from the sound source.
Statistical Tests
IBM SPSS Version 23.0 statistical program was used for the statistical needs of this study. Non-parametric statistical treatment was used throughout the study because the data did not satisfy the normality assumption of parametric testing based on the Shapiro Wilk Test. Since the data were not symmetrical, the median of the sample was used to better represent the data. The correlation of sound intensity, age of dentist, duration of exposure, and distance from sound source to hearing threshold level were analyzed with the use of Spearman Correlation Test. Kruskal Wallis oneway analysis of variance was performed to determine the relationship of sound intensity to noise induced hearing loss among the different groups in the study. Post hoc Mann Whitney U test was conducted as a follow-up test to evaluate pairwise differences among the three groups, controlling for type 1 error by incorporating Bonferroni correction.
RESULTS
Out of 126 4th year dental proper students who agreed to participate in the study and were asked to answer a questionnaire to determine prospective participants based on the inclusion and exclusion criteria, two students were automatically excluded from the study because of history of ear infection. Eventually, 30 dental students were selected randomly from the eligible participants. On the other hand, out of the 45 dental supervisors working in the dental institution, 8 of the dental supervisors were excluded because of failure to satisfy the inclusion criteria. Out of the 37 eligible dental supervisors, only 30 of them went for audiometric testing. General dental practitioners were invited to be participants in the study during their 1st biannual regional convention in the year 2015 since many dentists who were practicing attended the event. Kruskal Wallis one way ANOVA showed that there was a statistical difference in the noise intensity exposure level, H = 46.9, df = 2, p < 0.001, duration of noise exposure, H = 61.8, df = 2 p < 0.001, age, H = 64.6, df = 2, p < 0.001, and distance from the source of noise, H=89.0, df = 2, p < 0.001 among general dental practitioners, dental students and dental supervisors (Table 1) . Mann Whitney U test with Bonferroni correction with adjusted p -value to 0.017 showed that dental students experienced the highest noise intensity level exposure followed by the general practitioners, U = 0.000, p < 0.001, r =0.86, while dental supervisors experienced the lowest noise level exposure, U = 152.000, p < 0.001, r =0.57. The duration of exposure from noise of the students were shorter when compared to general dental practitioners, U = 0.000, p < 0.001, r = 0.92, and dental supervisors U = 283.000, p = 0.013, r = 0.32. Dental supervisors were the oldest age groups, followed by general dental practitioners, U = 198.500, p < 0.001, r =0.48 and the youngest were the dental students, U = 8.50, p < 0.001, r = 0.85. The distance from noise among dental supervisors was the farthest in contrast with dental students, U = 0.000, p = 0.000 r = 0.99 and general dental practitioners, U = 0.000, p < 0.001, r = 0.99, which were exposed to close proximity noise. Kruskal Wallis One way ANOVA showed that there is a significant difference in the median hearing threshold level among general dental practitioners, dental students and dental supervisors on both ears at the following noise frequencies: 2000 Hz , 3000 Hz, 4000 Hz, 6000 Hz, 8000 Hz and the left ear at frequency 1000 Hz (Table 2) . Mann Whitney U test with Bonferroni correction with adjusted p -value to 0.017 showed that dental practitioners had a higher hearing threshold level compared to dental students at 2000 Hz, 3000 Hz, 4000 Hz and 6000 Hz of both ears and at 1000 Hz for the left ear but were considered to be lower when compared to dental supervisors at 3000Hz, 4000 Hz and 8000 Hz for the right ear and 8000 Hz for the left ear. Dental supervisors' hearing threshold at 1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz and 8000 Hz were considerably higher in comparison with the hearing threshold level of dental students (Table 3) . There is a weak positive correlation between distance, duration of noise exposure and age of dentist to hearing threshold level at 3000 Hz, 4000 Hz, 6000 Hz and 8000 Hz (Table 4) . 
DISCUSSION
Noise Intensity and Hearing Threshold Level of dentist
The noise intensity exposure of all participants in the study is 63.90 -70.90 dB(A), which is not even close to the maximum dose exposure allowed by National Institution for Occupational Safety and Health at an 8-hour basis since the noise exposure of dentists is usually intermittent, with the sound intensity exposure which is sometimes hazardous combined with periods of non-hazardous noise level (15) . The maximum noise level that the participants in the study were exposed to is 89.70 dB(A), which is only considered as hazardous if a person is exposed to it continuously for about 2 hours based on the 3dB(A) exchange rate allowed by National Institution for Occupational Safety and Health (16) . The exposure of the participants in the study above 85 dB(A) did not even lasted for 60 seconds which shows that noise coming from the dental facilities cannot cause noise induced hearing loss.
It is a common knowledge that hearing threshold level is directly related with sound intensity level. This study shows a contradicting result in which dentists have a lesser chance of developing noise induced hearing loss at 2000 Hz for both ears and 1000 Hz for the left ear if it is noisier inside the clinic. Since the median noise intensity level exposure of all dentists in the study did not reach the hazardous levels, an increase in the noise intensity level within the safe limits will not further deteriorate the hearing capability of dentists. The human ear is most sensitive to frequencies 2000 -4000 Hz and the human auditory system is first affected by these frequencies due to trauma from high intensity noise levels (17) . Based on the results of the study, the subjects have acceptable hearing threshold levels at 2000 -4000 Hz which only shows that the noise intensity level within the dental facility is safe for dentists.
Duration of exposure from Noise, age of dentist and hearing threshold level
The result of the study shows that as the duration of exposure and the age of the dentist increases, there is an increase chance of hearing loss at 3000 Hz, 4000 Hz, 6000 Hz and 8000 Hz. Even though dental students have the highest median sound intensity level exposure, they have better hearing at 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz and 8000 Hz because their duration of exposure from noise is shorter compared to dental supervisors and general dental practitioners. Moreover, the students are significantly younger compared to the other groups, hence, they have lower hearing threshold level.
Distance from sound source and hearing threshold level
Noise intensity level is inversely related to distance from sound source. Noise intensity level tends to increase as the person goes near the sound source which increases the chance of developing noise induced hearing loss. However, the result of the study shows a conflicting result in which dentists have a lesser chance of experiencing noise induced hearing loss 3000 Hz, 4000 Hz, 6000 Hz and 8000 Hz if the dentists are near the sound. The reason why there is conflicting result is because the median noise intensity level did not reach the hazardous level and is considered as safe throughout the study even though the participant was close to the sound source. Age of the dentists and the duration of exposure played a significant role and influenced the result of the relationship of distance from the sound in relation to hearing loss.
CONCLUSION
The Age of dentists and duration of noise exposure are the major determinants in increasing the hearing threshold level of the participants since there is direct correlation of age and duration of noise exposure to hearing threshold level at 3000 Hz, 4000 Hz, 6000 Hz and 8000. Noise intensity level inside dental facilities are within the safe level and cannot cause noise induced hearing loss among dentists since the noise level did not reach the hazardous level on an 8-hour time weighted average exposure recommended by National Institution for Occupational Safety and Health.
